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|.1. Propagation of hard partons in

matter
saturation scale O/(pJ) decreases
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Medium dependence of
hard processes

Medium dependence of hard processes:
1. provides information about bulk properties
—> QGP-signal + tool for quantitative studies
2. Observable consequences:
L pt—broadening observed in p+A, difficult to observe in HIC

® E-l0SS so far not observed in p+A

3. Partonic Mechanisms
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Multiple Soft Rescattering Secondary Hard Reinteraction
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1.2. Schematic view

hard process at early time

t=0-1fm/c
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|.3. Radiative E-loss off hard parton
Gyulassy+Wang 1994, BDMPS 1997, Zakharov 1997, Wiedemann 2000, GLV 2000
1. Medium-induced contribution:

___________________ >
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2. BUT: Vacuum-induced (hard) contribution o ]%2 is
1

hugh. It is the building block of DGLAP !

& >

— calculation has to include:

e interference between medium-induced and vacuum

term reduces medium-induced radiative energy loss

e rescattering of vacuum-induced radiation

changes k | -distribution of gluon radiation but not k | -integrated spectrum.
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11.1. Gluon radiation cross section

opacity expansion: O (as fOL d& n(§)> , Wiedemann NPB588 (2000) 303.
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depends on density and dipole cross section:

B Y W g 1
IC = /Drexp /yl d& (zar —§n(§)0(r)> ;

O(I') —2Cy / (C;?TJ)E |CL0((1J_)|2 (1 — B_iqu) .

—> Consequences of this expression
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11.2. Dipole cross section o(r)
satisfies o(r) oc C r?

bulk properties characterized by one parameter only:

2
no C =: <qJ">

Lmedium

Phenomenological determination of rescattering
parameter, ng C.o1q versus ng Chot:

(200 MeV)2

— 1.0fm ™"
o~ 0fm

no Ocold <

Theoretical calculation of rescattering parameter:
ngo(r) o< (Fip(0) F(r)) med

Only this transverse colour field strength enters the
calculation.
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11.3. Opacity Expansion

Gluon spectrum to order (asng)™:

e N = O: associated to parton
production

& >

PPo(N =0)  a;

= — NN
dlnz)dk, w2 ¢ O

e N = 1: L-dependent interference pattern:

&L + L+ L
O O O
d*c(N =1) s NcCr —ki-q1  LOQi —sin(LQ)
dnz)dk, 72 2w? Jg, Q@i o (1 |

e N > 2: closed expressions involving (N + 1) terms
known
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11.4. Coherent and Incoherent Limits

satisfy classically expected parton cascade picture, e.g.

N=1
d3o(m)
y
Jim ) d(Inz) dk |

m=0

g

Nc Cr

T2
ng L=const

x[(l—wl) %—frz()L/q1

+n0L/ R(kL,Qu)] :
a1

wy = probability of one additional scattering
R = GB-radiation term Gunion + Bertsch, PRD25 (1982) 746.

R(k,q) = A ¥
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11.6. Harmonic Oscillator Approximation
For o(r) = C'r?, and n(&) = ng

— complex oscillator frequency Q = 1= ng C

7V o

K — Kosz (y7 Yy, r, gl’w)

Radiative energy loss determined by three terms

2

=

2
6 o L k*
o — % N.Crp (I + I5)
d(Inx) dk | — p2 e E A4 5
medium—dep

e direct production term I,

e destructive interference term I5



Urs Achim Wiedemann

111.1. Numerical Evaluation

Input for numerics:

1. quark energy E: E = 50, 100, 200 GeV.

2. energy of radiated gluon w =z F, = € [0, 1].
3. rescattering property of medium: ng C"

<7_01mr3 UBN%V)ﬁm
C’ — 0.5fm ™ = (141 MeV)?/fm
(7_1omf3 (200 MeV)?/fm
C_zomf3—@&M@V)ﬁm
o CBDMPS 5. Ofm_S (450 MeV) /fm

4. length of nuclear medium: 0fm < L < 14fm
5. x € [0,1], kinematical boundary of k -integration,
(fo-* dky)

Output:
1. differential information on x and k|

d(cllr(lja:) (L7 nOC? F, X)

medium—dep

2. medium-induced part of radiative energy loss

A—EE(L,nOC,E,X) f d:z:xff
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AE
I11.2. L-Dependence of =+

e very sensitive to transverse colour field strength nC
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111.3. x-Differential Radiation Spectrum

For relatively large L

L=6fm L=6fm

dor 8| nOC =0.1 fm3 L=8fm nC =0.5 fm3 L=8fm
—_med | === L=10fm | 1.6} 1 0 - t=:£1;m ]
d In(x) =1.0 -= L=12fm =1. -= L=12fm
0.6} X — L=1afm ] [k X — L=14fm 1
1.2r
- ] D
. LI
13 los 1]
L f
02 1 0.4
0 . : ....."'.":'.-7--?-'-7.-.'.'.-..-..-.-: 0 . : B A LT
0 0.01 0.02 0.03 004 005 O 0.02 0.04 0.06 008 0.1
do.(nas) T T T T T T T T

med

- L= aee L=10f -= L=4fm === L=10fm
dIn(x)_ Lm - L=12fm_ 2.5 L=6fm == L=12fm |
20 L=gfm — L=14fm L-gfm — L=14fm

Ly )

ol nC = 1.0 fm3 | 2°f noC = 2.0 fm3

1.0

....
o5l N el el

0 0.02 0.04 0.06 008 01 0 0.2 0.4 0.6 08 1.0
fraction x fraction X

e -+ main support at r < 1

e - reaches non-perturbatively high values

11



Urs Achim Wiedemann

111.4. x-Differential Radiation Spectrum
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Two competing effects

e destructive interference between medium-induced
and hard initial radiation

— “Jet Enhancement” % x —L3

e rescattering induced additional contribution

Increases with L
— Jet Quenching
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111.5. E-scaling of &2
e AF is F-independent

nC = 0.5 fm3
— E =50 GeV
== E =100 GeV
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111.6. k| -Differential Radiation Spectrum
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Small k| -region is depleted by Rescattering and
Destructive Interference.
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111.7. Energy Loss outside jet cone O

Medium-dependent part of ££(0) outside © does not

peak at ©® =0
1

1 .
due to — > 5 broadening
k9 (ki+ay)
~0.03 T T ~0.14 T
@ L=4fm e L=4fm
w - L=7fm ol = L=7fm
w == L=10fm | W == L=10fm
002 — L=13fm ] 2 ** — L=13fm
— -3 0.08 i
— 1 0.06 ! :
oot E =100 GeV i E = 100 GeV
4 0.041+ l
0 77777777::2:.: 77777777 002:
. . . . . . . . 0 . . h A > S —
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
©in° ©in°
-~ 0.3 ! ! —~ ! ! !
o Q L=4fm
Wio 25 ) ::fé'::m QOA - L=7fm
m - fm W -- L=10fm
=) == L=10m | g — L=13fm
02 — L=13fm | O3
015 h n,C = 1.0 fm™ n,C = 2.0 fm3
0.2 1
I —
ol E =100 GeV | E =100 GeV |
0.1
. . . ; S 0 . N o s S
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
©in° ©in°

15



Urs Achim Wiedemann

IV.1. RHIC p;-regime

E =10 GeV
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e corona effect ensures that ng C..1q result consistent
with upper bounds on AFE in p+A.

e linear L-dependence for L > L it.

e theoretical uncertainties increase with decreasing jet
energy.
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IV.2. z-Diff. Spectrum for £ = 10 GeV
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e significant contribution from x ~ 1 = problematic
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V. Conclusion

*

O’:® *@

y4 Z

Results: wiedemann NPB582 (2000) 409; NPB588 (2000) 303 and hep-ph/0008241.

e interference pattern between hard vacuum- and
medium-induced radiation
— Jet Quenching vs. Jet Enhancement

e k| -differential gluon radiation spectrum
—> medium-induced E-loss outside jet cone peaks
at finite opening angle

e results interpolate between expected coherent and
incoherent limiting cases = Opacity expansion has
parton cascade limits

e numerical routine available

e Phenomenology ng Ceolq versus ng Chot:
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